Abstract
endangering people and the environment and according to a hierarchy, aiming at 79 recovering as much value as possible from it. In England, the Waste (England and 80 Wales) Regulations mandates separate collection and that the segregated streams 81 should undergo recovery operations (Defra, 2012) . In addition, the Hazardous 82
Waste Regulations outline stringent guidelines that must be followed when 83 managing, transporting or treating hazardous waste (Defra, 2015) . Lastly, the 84 Medical Devices Regulations prescribes that consignment notes must be duly filled 85 in including not only the components of a device but also the eventual presence of 86 a battery (DH, 2013) . Before being utilised -unless new -non-disposable laryngoscopes must be 140 sterilised. Given the inevitable contact with mucosae, used laryngoscopes have to 141 undergo either high temperature sterilisation or disinfection (Scaini, 2010) . This 142 process is very energy intensive and can create a significant environmental 143 footprint, depending on the energy source of the hospital (McGain et al., 2012) . depends on the number of times a device is used (Yang et al., 2000) . 148
During use, as the instrument gets into contact with sensitive and receptive body 150 parts such as the mucosae of the mouth, they can potentially become infectious 151 both for staff and patients (Williams et al., 2010; Simmons et al., 2000) . Even when 152 using disposable scope blades, reusable handles can still represent a possible 153 source of contamination (Call et al., 2009; Williams et al., 2010) . However, some 154 medical products (e.g. single use versus reusable), are often preferred to others 155 more based on anecdotal information and opinions, rather than on actual evidence 156 (McGain et al., 2012) . 157
Methods

159
Several potential interviewees in both England and Italy, with key roles in the 160 waste management or in the purchase department of a hospital, were initially 161 contacted through known acquaintances of the research team. In the end, three 162 sites for each of the two countries were selected, based primarily on access and the 163 availability of data. Therefore, as it is often the case with interviews, the sample 164 size was relatively small and was repeatedly adjusted (Denscombe, 2010). Face-to-165 face semi-structured interviews conducted in the respondents' offices were 166 chosen, based in part on previous studies (Tudor et al., 2010) The focus on single use as a way to avoid contamination was noted by Interviewee 285 1.1, who suggested that disposable instruments not only reduced pathways of 286 infections but also "remove doubts" on potential contamination. Thus the 287 perceived infection prevention played a key role in the use of the instruments. 288
However, not all instruments used in the three sites were disposable. The use of 289 reusable instruments was still widespread in Hospital 1, where the sterilisation 290 unit was still actively used and has been expanded in order to respond to the needs 291 of the site. Indeed, the presence of a sterilisation unit was inevitably a determining 292 factor in the sites choosing which type of instrument to purchase. 293 294 Segregation of the instruments from other waste was done with the help of colour-295 coded packaging. However, the presence of so many different collection bins 296 generated difficulties, mostly connected to the lack of space to locate the 297 containers and the difficulty in training staff on how to properly segregate waste. Table 2 illustrates that during 2013/4, nearly a quarter of the 303 waste was recycled, with most of the rest landfilled, or sent for high temperature 304 treatment. 305 Single use instruments such as laryngoscopes were collected in bins and sent to 319 high temperature treatment facilities. An attempt to recover value from these 320 types of instruments was undertaken in Hospital 2, where metal devices were 321 collected in specific boxes that were then picked up free of charge by the waste 322 collector, although the hospital did not make any money. In exchange, the waste 323 collector got well-segregated, high quality metal instruments that could be sold to 324 companies recovering valuable materials. However, the continuous fluctuation in 325
the prices of certain recyclables threatened to interrupt the service or to introduce 326 charges. The presence of plastic components in some models and a battery 327 inserted in the sealed unit also presented a challenge to the hospital. In addition to 328 design, logistics represent a significant obstacle to value recovery. For example, the 329 site did not have enough staff to engage in a dismantling operation. A further 330 challenge faced was the lack of space for storage. Waste contractors generally 331 prefer to collect bigger bulks of materials, so the producer must be able to store its 332 waste until the desired amount is gathered. 333 334 Hospital 2 was charged on average £513/tonne for incineration and £190/tonne to 335 dispose of waste in hazardous landfills. The situation in Hospital 1 was slightly 336 different. Reusable tools were still widespread, with disposable instruments a 337 minority -even though they were increasing. Therefore, an attempt to limit the 338 loss of value came from the reutilisation of sterilised instruments. 339
340
Hospital 3 had different options as it was equipped with an on-site Energy from 341 Waste (EfW) facility. Thus the waste produced was not transferred to another site 342 to be treated. However, the presence of an EfW on-site provided an incentive to the 343 staff to dispose of more materials than necessary, the consequence being that 344 recycling was difficult to implement. According to Interviewee 3.2: 345 346 "We are our worst enemy in one way, because a lot of stuff goes 347 through that probably because we can…legally it's fine, sustainably 348 mmm…it's a bit of a bone of contention. The attitude is 'We have an 349 on-site incinerator, we don't have to worry quite as much because we 350 are not paying commercial prices for our waste'." Table 3 lists the characteristics of the sites and the job roles of interviewees at the 376 Italian hospitals. 377 At the three sites, no concrete preference towards the types of devices was 466 expressed. Furthermore, no explicit guidelines had been issued, neither from 467 infection control departments nor from the hospital management, therefore none 468 of the sites was facing overt pressure to switch to disposable instruments. 469
However, it was becoming evident that possible contamination could take place 470 and so disposable instruments were starting to be purchased. At the same time, it 471 was also recognised that adequate staff training played a fundamental role in any 472 shift in practice. The amount of single use disposable instruments as a percentage of the total waste 483 generated in Italian health care sites was very low. According to Interviewee 5.2 484 "the incidence of these products on the total waste tends to zero". However, there 485 was limited value recovery from metal waste at the three sites. 486 487 A key difficulty arose from the lack of functioning markets, to which recovered 488 materials could be sold. According to Interviewee 6.2, the crucial "mistake" was the 489 creation of consortia for the management of raw materials (e.g. paper, plastic, 490 glass, but also batteries and electronic devices). In Interviewee 6.2's opinion, 491 consortia disincentivised small scale collection, which was no longer cost-effective, 492 reducing the possibility to recover raw materials. The most widespread treatment for hazardous healthcare waste in Italy is 529 incineration without energy recovery, while only a small fraction was treated in 530
EfW facilities (Table 5) . 531 Laryngoscopes can be disposed of with hazardous or non-hazardous metallic 537 waste, depending on whether the instrument has come into contact with a 538 potentially contagious patient, if it has been sterilised or if it has not been used. 539 however, this resulted solely from a particular synergy in the structures at the 590 regional level. While the eco manager in Hospital 6 cannot be compared, as their 591 responsibilities and tasks were not specifically those of a waste manager. A 592 consequence of the difference in department sizes was therefore differences in the 593 provision of resources and focus on management of wastes. Interesting, though, 594 from the instruments. Despite the high usage of single use instruments, the English 596 sites were practicing reutilisation. Hospital 2 was also specifically separating out 597 its medical instruments (even though fluctuations in prices and limitations in 598 space did make this challenging). At the same time, if value recovery is looked at in 599 a wider sense (e.g. extending product life), the Italian sites, while it was not a focus, 600
were also indirectly practicing recovery of value from the instruments. 601
602
The main reason for the difference between the two countries was due to the 603 availability of monies. The sites in England, generally had greater access to 604 finances and thus to resources. 605 606 Despite these key differences, there were similar issues in both countries, namely: 607 limitations in communication and end markets, , the presence of a sterilisation 608 unit and staff engagement, which ultimately impacted upon value recovery. 609 
Communication
